The geoacoustic characterization of sediment using the ratio between passive pressure and vector fields that are measured by a single pressuregradient receiver system is discussed. The ratio is highly sensitive to environmental properties but independent of unknown source spectrogram, e.g., boat noise that exhibits complex time-varying spectral shape. Noise data sets due to different runs with a small boat were recorded on two closely-spaced hydrophones offshore the Amazon Rio mouth in June 2012 and processed by a nonlinear inversion scheme. Global optimization based on genetic algorithms provides 12 parameters describing the run geometry and physical properties of a fluid mud and underlying mud sediment, and the associated marginal posterior probabilities. Good consistency among the inversion results of the different datasets demonstrates the feasibility of the method for environmental characterization under far from ideal conditions, in term of lack of precise navigation data, unknown source spectra, uncertain receiver depth and tilt, etc.
INTRODUCTION
The vector sensor can simultaneously measure the pressure and vector fields at the same point of a waveguide [Leslie(1956) ], making it is possible to use their relationship that may be independent of source characteristics for passive acoustics [Peng(2008) ]. This paper discusses a cost-effective method to obtain bottom acoustic properties from passing ship noise of opportunity from pressure and vector data measured at a signal point by an easily deployable system. The use of the ratio between pressure p and vertical particle velocity V z , or similarly the pressure gradient p g , for geoacoustic inversion is emphasized here. The range variation of such ratio is independent of source spectrogram [Ren(2012) ] but very sensitive to geoacoustical properties, including to parameters that are typically insensitive in matched field processing techniques, e.g., bottom layer densities [Bonnel(2011 ), Gervaise(2012 , Hermand(1999) ].
An experiment for soft sediment geoacoustic characterization using ship noise of opportunity was conducted offshore the Amazon Rio mouth in June 2012. Noise data sets due to different runs with a small boat were recorded on two closely-spaced hydrophones deployed from another small boat. The measurement conditions were far from ideal in the term of unknown source spectra, lack of precise navigation data, uncertain receiver depth and tilt, etc.
A global optimization method based on genetic algorithms [Goldberg(1988) ] is applied to the recorded data, which provides an estimation of the geoacoustic parameters of a fluid mud and underlying mud sediment, and of their marginal posterior probabilities. Good consistency among the results obtained with different data sets demonstrates the feasibility of the method for environmental characterization even under difficult measurement conditions.
METHOD DESCRIPTION

Vertical waveguide characteristic impedance
At ranges greater than several water depths, the acoustic complex pressure field p and pressure gradient p g generated by an omnidirectional point source at depth z 0 emitting a single tone at angular frequency of ω, received at range r and depth z, can be respectively expressed as
and
where L is the propagation mode number, H
0 is the zero order Hankel function of the first kind, φ l and ξ l are the modal function and eigenvalue for mode l, φ l is the derivative of φ l with respect to depth, and κ l,z is the vertical wavenumber for mode l. S (ω) is the source spectrogram, which when being unknown, can significantly affect the accuracy of acoustic inversion results. It would therefore be favourable for passive acoustics if one can effectively use observables that are independent of S (ω).
The ratio between p and p g can be written as The effect of source characteristics term S (ω) is eliminated in this ratio, making the Z g independent on source spectra. However, the range variation of Z g is highly correlated with the eigenvalues (ξ l ) determined phase terms H
0 (ξ l r), modal functions φ l (z) and their derivatives, especially for those in the denominator. ξ l and φ l (z) are determined by the environmental properties. Z g is very sensitive to environmental properties and is therefore a good physical variable to be observed for environmental inversion based on passive acoustic data.
Global optimization method
A global optimization algorithm (genetic algorithms) is used here to estimate the searched parameters by minimizing the following objective function that is based on the cross correlation coefficient between data and prediction at different frequencies,
where N f is the total number of selected frequency bins, Z d g ( f l , r i ) is the real data for frequency f l at range r i , and Z p g ( f l , r i ) is the corresponding replica predicted by RAMGEO propagation code [Collins(1991) ]. The observations generated by the optimization algorithm are then used to estimate the marginal posterior probabilities of the searched geoacoustic parameters of the fluid mud and underlying mud sediment.
AT-SEA EXPERIMENT AND DATA PROCESSING
An experiment for ocean bottom geoacoustic characterization with the vector field due to a ship noise of opportunity has been conducted in an area of the Amazon River mouth in June 2012. A receiver array composed of two closely and vertically spaced acoustic pressure sensors was used to record the ship noise data.
The measurement conditions of this experiment were far from ideal, due to the strong current, surface waves, lack of positioning system, etc. Figure 1 FIGURE 2: Estimated posteriori distributions for a search of the twelve parameters of water depth (WD), sediment thickness (H), sediment sound speed (C sed ), sediment density (ρ sed ), sediment attenuation (α sed ), bottom sound speed (C bot ), bottom density (ρ bot ), bottom attenuation (α bot ), source depth (SD), receiver depth (RD), CPA range and tilt.
as P 1 (ω) and P 2 (ω). Their average is P avg (ω) = (P 1 (ω) + P 2 (ω)) /2, the pressure gradient is P g (ω) = (P 1 (ω) − P 2 (ω)) /2 spacing, and Z g can be derived as P avg /P g .
Noise spectral estimates at seven frequencies (115 Hz, 125 Hz, 150 Hz, 175 Hz, 200 Hz, 225 Hz and 250 Hz) as a function of range are used for the inversion. For the genetic algorithms used in this paper, the total number of generation is 60 and each generation has a population size of 1000. The estimated 1D posterior for the searched 12 parameters is shown in Fig. 2 for one of the data sets.
It is seen that the parameters are well resolved with relatively small variability. The result for source depth exhibits two comparable peaks, probably due to the different depths of the noise sources (engine and propeller) of the ship of opportunity. For the other geometrical and sediment parameters, the results are close to the prior information. It should be noted that, the inverted densities close to that of direct measurements.
For the other data sets, the estimated geoacoustic parameters are similar to the results in Fig. 2 , demonstrating the robustness of vertical impedance method for passive geoacoustic inversion.
CONCLUSION
This paper discussed a passive geoacoustic characterization technique using vector field measured by two vertically spaced hydrophones. The ratio between pressure and pressure gradient measured from a noise source of opportunity is used in a global optimization method to estimate the geoacoustic parameters of fluid mud and underlying mud sediment, and corresponding posteriori distributions. The inverted results are in accordance with prior information and consistent with concomitant and independent direct measurements. Furthermore, consistency among the different data sets demonstrates the robustness of the method for passive geoacoustic inversion. 
